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PURIFICATION, DETECTION AND METHODS OF USE 
OF PROTEASE NEXIN-2 
^^ckqround of the ?;nvention 
5 The present invention relates generally to the field of 

proteins associated with neural lesions. More specifically, 
the present invention relates to the purification, detection 
and methods of use of protease nexin-2 (hereinafter "PN*-2'*). 
This invention was made with Government support tmder 
10 Grant No. GH-31609 awarded by the National Institutes of 
Health. The Government has certain rights in this 
invention. American Cancer Society Grants CD 390 and BC 
602/BE 22A provided further support for the development of 
this invention. 

15 The protease nexins are protein proteinase inhibitors 

that are synthesized and secreted by a variety of cultured 
extravascular cells. PN-2 is a soluble, acidic protein 
fragment which forms stoichiometric, inhibitory complexes 
with several serine proteinases including, but not limited 

20 to, epidermal growth factor binding protein (EGF BP) , the 
gamma subunit of IS nerve growth factor (NGF-7) and trypsin. 
In contrast to most serine proteinase inhibitors, PN-2 is 
very stable, retaining its inhibitory activity after 
treatments with SDS and pH 1.5. 

25 PN-2 is believed to be derived from the ^-amyloid 

precursor protein (hereinafter "^APP") • ^APP is known to be 
associated with neural lesions of Alzheimer's disease and 
Down's syndrome. )9APP comprises edaout 695 amino acid 
residues and has the characteristics of a cell receptor 

30 protein, comprising cytoplasmic, transmembrane and 
extracellular domains. Alternatively spliced forms of this 
precursor protein further comprise a 57 residue insert 
which is homologous to that of a "Kunitz-type" protease 
inhibitor which inhibits trypsin. 

35 We have previously purified PN-2 from serum-free 

culture medium that was conditioned by humeoi fibroblasts. 
However, this material was slightly contaminated with other 
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components. Thus, there is a need for an improved method 
for purifying PN-2. 

Alzheimer's disease is characterized by the 
accximulation of amyloid protein both intracellularly and 
5 extracellular ly in the tissues of the brain, notably in 
neuritic plagues. The major protein subunit of these 
amyloid plagues has been identified as a polypeptide of 
about 4.5 kD having the ability to aggregate. This protein 
subunit is variously referred to as the amyloid p -protein or 
10 as amyloid A4, and is herein referred to as 

A4 is thought to have its origin, through proteolytic 
cleavage, in ^APP. Release of the A4 unit is thought to 
occur by proteolysis of the precursor which may result from 
membrane deuaage. Because A4 is believed to be critical to 
15 the formation of amyloid plagues, there is a need for 
methods of preventing the release of A4. 

The cDNA for ^APP lacking the Kunitz domain has been 
cloned and the nucleotide seguence determined. From the 
nucleotide seguence, the amino acid seguence has been 
20 preaictea. The A4 peptide lies at residues 597 to 648 of 
the deduced amino acid sec[uence. 

Alzheimer's disease produces a debilitating dementia 
for which no treatment is known. Thus, there is a need for 
methods of treatment and prevention of this disease. 
25 Down's syndrome is a genetic disease which usually 

causes mental retardation and other symptoms. An unusually 
high number of people with Down's also develop Alzheimer's 
after the age of 40. Thus, there is a need for a treatment 
for Down's. 

30 Presently, definitive diagnosis of Alzheimer's disease 

is only available at autopsy. Such diagnosis involves 
examination of brain tissue for extracellular neuritic 
plaques and intracellular tangles of microtubule-associated 
proteins and other cytoskeletal elements. The plagues are 

35 believed to start to form years before any clinical sign of 
Alzheimer's appears. 
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Many researchers believe that there is a correlation 
between the density of neuritic plaques and the severity of 
dementia. Thus, there is a need for preventing further 
development of neuritic plaques. If applied prior to the 
5 development of Alzheimer's symptoms, such a treatment, may 
thereby prevent onset of the disease. 

Even without a treatment for Alzheimer's, an early 
diagnosis of the disease would allow physicians to rule out 
other causes of dementia. Moreover, in order to study the 

10 genetics of Alzheimer's it would be very useful to obtain a 
diagnosis of the disease prior to autopsy. More 
importantly, once treatments are developed, an early 
diagnosis may prove critical in the treatment's ability to 
improve mental functioning. Thus, there is a need for a 

15 method for the early diagnosis of Alzheimer's. 

summary of the Invention 
Briefly, the present invention provides a method for 
detecting circulating levels of amyloid prectirsor protein 
and related fragments. The method comprises obtaining 

20 platelets from a patient and determining the presence or 
level of amyloid precursor protein in the platelets. In a 
preferred method, the platelets are lysed prior to 
determining the level of amyloid precursor protein. The 
platelets may also be activated with a platelet agonist, 

25 such as thrombin or collagen. 

In accordance with one aspect of the present 
invention, there is provided monoclonal antibodies specific 
to protease nexin-2 or beta amyloid precursor protein (PN- 
2/^APP) and a hybridoma cell line producing the antibody. 

30 The present invention also provides a method of 

diagnosing a neurodegenerative condition which comprises 
obtaining platelets from a patient, determining the level 
of PN-2/^ArP or a fragment thereof in the platelets, and 
comparing the level determined with normal levels. 



35 
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cerebral spinal fluid from a maniaal, measuring the level of 
PN-2/^APP or related fragments in the sample, and comparing 
the measured level with normal levels. 

Additionally, the present invention provides a method 
5 for inhibiting deposition of amyloid plaques in a mammal, 
comprising the administration to the meunmal of an effective 
plaque-deposition inhibiting amount of protease nexin-2 or 
a fragment or analog thereof. 

The present invention, further, provides a method for 
10 inhibiting factor XIa in a mammal, comprising the 
administration of an effective factor XIa inhibiting amount 
of protease nexin-2 or a fragment or analog thereof. 

Pharmaceutical compositions for use in any of the 
methods of the present invention are also provided, 
15 comprising protease nexin-2 or any fragment or analog 
thereof and a pharmaceutically acceptable diluent, carrier 
or excipient. 

Furthermore, the present invention provides a method 
of diagnosing Alzheimer's disease at autopsy, comprising 
20 immunostaining brain tissue with an antibody to protease 
nexin-2 and determining the presence of Alzheimer's disease 
by the presence of reagents stained by the antibody. 

Further objects, features and other advantages of the 
present invention will become apparent from the ensuing 
25 detailed description, considered together with the appended 
figures . 

Description of th«» FicmyeR 
Figure 1 shows the alignment of PN-2 and ^APP amino 
acid sequences, showing identity of PN-2 amino acid 
30 sequences within segments of the first 120 amino acids of 
the deduced ^APP sec[uence. 

Figure 2 shows immunoblot analysis of PN-2 in cell 
culture media and brain tissue homogenates. a. Monoclonal 
antibody mAbP2-l stained identical proteins in PN-2- 
35 enriched culture medium from normal human fibroblasts (lane 
1), human glioblastoma cells (lane 2) and human 
neuroblastoma cells (lane 3). b. This same monoclonal 
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antibody stained apparently identical proteins in tissue 
hoQogenates from normal (leme 1} and Alzheimer's disease 
(lane 2) brain. 

Figure 3 shows immunostaining of Alzheimer's disease 
5 neuritic plagues with monoclonal antibody mAbP2-l. a. 
Photomicrograph showing strong immxmoperoxidase reaction 
for PN-2 in scattered neuritic plagues (open arrows) within 
the CAl region of the hippoceuapus of a 62-year-old female 
patient with Alzheimer's disease. Solid arrow points to a 

10 pyramidal neuron Vibratome section (40 /xm) viewed by bright 
field microscopy. X200. b. Photomicrograph of a neuritic 
plague on higher magnification showing strong 
immunoperoxidase reaction for PN-2 (open arrow) within the 
CAl region of the hippocampus. Solid arrows point to 

15 pyramidal neurons. Vibratome section (40 fim) viewed by 
Nomarsky interference microscopy. XI, 000. 

Figure 4 shows the binding of ^^^I-chymotrypsin to 
PN-2 after the latter was subjected to SDS-PAGE and 
transferxed to a nitrocellulose membrane. 

20 Figure 5 shows ^25i«pj*otease-PN-2 complex formation. 

Panel A: 500 ng of purified PN-2 was incubated with 25 ng 
of ^25j.igQjg3^e^ protease for 15 minutes at 37 'C. The 
incubation mixtures were then analyzed for protease-PN-2 
complexes by 10% SDS-PAGE without prior boiling of the 

25 samples and subseguent autoradiography. Lane 1, EGF BP; 
lane 2, EGF BP + PN-2; lane 3, NGF-7; lane 4, NGF-7 + PN-2; 
lane 5, trypsin; lane 6, trypsin + PN-2. Panel B: 1 ;<g 
aliguots of purified PN-2 were subjected to SDS-PAGE; 
completed gels were transferred to nitrocellulose 

30 membranes, incubated with ^^Sj.iab^i^^j protease, washed and 
autoradiography was performed. PN-2 labeled with: lane 1, 
^25x.chy5iotrypsin; lane 2, ^^^I-f actor XIa; lane 3, 1251^ 
plasmin; lane 4, ^^^I-chymase. 

Figure 6 is an autoradiogram showing ^25j«£Qp 

35 BP:PN-2/^APP complex formation in platelet lysates. 

Figure 7, Panels A - D, shows Western blots of 
PN-2/^APP in plasma and platelet lysates. 



wo 91/16628 



PCT/US91/01971 



-6- 

Figure 8 shows Platelet siibcellular fractionation and 
localization of PN-2/)5APP. 

Detailed Description of the Preferred Embodimept 
IMMUNOPURIFICATION OF PN-2 
5 We have discovered the PN-2 specific monoclonal 

emtibody producing hybridoma cell line inAbP2-l. We have 
further discovered an improved method for purifying PN-2 
employing the monoclonal antibody produced by this cell 
line in an immunoaffinity step. In this method, we 

10 retained the primary dextran sulfate-Sepharose affinity 
step from our initial purification scheme reported in Van 
Nostrand, W.E., and Cunningham, D.D. J. Biol> chem. ^ 262: 
8505-8514 (1987), the disclosure of which is hereby 
incorporated by reference. This step was retained because 

15 the step provides an effective means of concentrating the 
large volxime of starting serum-free conditioned culture 
meditim emd enriches for PN-2. 

The pooled PN-2-containing fractions from the primary 
dextran sulfate-Sepharose affinity step were then directly 

20 applied to a mAbP2-l monoclonal antibody immunoaffinity 
column. After washing, apparently homogenous PN-2 was 
eluted with low pH buffer. The overall activity yield from 
nximerous purifications was between 70-85%. Importantly, 
only PN-2 can be detected with mAbP2-l in the starting 

25 conditioned culture medium or pooled dextrem sulfate- 
Sepharose fractions; further demonstrating its specificity, 
as well as sensitivity. The specificity of monoclonal 
antibody mAbP2-l facilitated the purification of PN-2 from 
complex starting solutions such as tissue homogenates. The 

30 following examples describe the immunopurification and 
testing of purified PN-2. 

Example 1 - Preparation of Colu mn for Immunopurification of 
PN-2 

Normal human neonatal foreskin fibroblasts were 
35 isolated from explants and cultured as previously described 
by Baker, J.B., et al.. Cell , 21:37-45 (1980). Four liters 
of serum-free medium from microcarrier cultures of himan 
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f ibroblas :s were collected and chromatographed over a 
dextran si If ate-Sepharose affinity column. 

The PN-2 specific monoclonal hybridoma cell line 
mAbP2-l, ATCC No. HB 10424, was prepared following 
5 procedures we described in Wagner, S.L. et al. Biochemistry 
27:2173*2176 (1988), the disclosure of which is hereby 
incorporated by reference. Monoclonal antibody mAbP2-l was 
purified from ascites fluid using an Affi-Gel Protein A 
HAPS Kit ( BioRad Lciboratories ) and coupled to cyanogen 

10 bromide activated-*Sepharose 4B (Pharmacia Biochemicals) as 
described by the manufacturer. A 4 ml column of mAbP2-l- 
Sepharose equilibrated with 20 mH potassiiim phosphate, 1 M 
NaCl, pH 7.4 was prepared. 
Example 2 - Immunopurif ication of PN-2 

15 PN-2 -containing fractions from the dextran sulfate 

colxHon were directly applied to the mAbP2-l-Sepharose 
column at a flow rate of 10 ml/h. After the column was 
loaded, it was washed with five column volumes of 20 mM 
potassium phosphate, 1 M NaCl, pH 7.4, followed by two 

20 coltunn volumes of 20 mM pot:assitim phosphate, 0.15 *M NaCl, 
pH 7.4. The adsorbed PN-2 was eluted from the 
immunoaffinity column with 0.2 M glyclne-HCl, 0.15 M NaCl, 
pH 2.8. 750 ptl fractions were collected in tubes 
containing 75 /xl of 2 M Tris-HCl, pH 8.3 to neutralize the 

25 elution buffer. During the purification, protein 
concentrations were determined by the method of Bradford, 
M.M., Anal. Biochem. 72: 680-685 (1976), the disclostire of 
which is hereby incorporated by reference. 
Example 3 - PN-2 Activity Assav 

30 In order to quantify the immunopurif ication of Example 

1, known quantities of ^^Sj^g^p gp vere incubated with 
allguots of samples containing PN-2 for 15 minutes at 37 *C. 
An equal volisme of SDS-PAGE sample buffer was added and the 
mixtures were subjected to SDS-PAGE. After 

35 autoradiography, PN-2 activity was monitored by the 
formation of a 120-kDa complex with the ^^^I-EGF BP. To 
quant itate PN-2 activity, the autoradiograms were aligned 



wo 91/16628 



PCrAJS91/01971 



-8- 

with the dried gels and the ^^Sx^^aj^gj^g^j complexes were 
located, excised and measured in a geunma counter. Units 
were expressed as pMoles of ^^^l-EGF BP complexed. 

Table I shows the progressive purification after each 
5 column of the immunopurification procedure of Example i. 

SEQUENCE ANALYSIS OF PW-?. 

We have performed amino terminal amino acid sequence 
analysis on two peptides obtained from digestion of PN-2. 
The analysis revealed that PN-2 has sequence identity with 
10 ^APP. The methods ea^loyed in this analysis, are described 
in the following example. 

Example 4 - Amino Acid Semiene e Analyses of pn-^i 

Approximately 2 nmoles of purified PN-2 were digested 
with either CNBr or endoproteinase Lys-C (available from 

15 Boehringer Mannheim) . The resulting peptides were 
subjected to SDS-polyacrylamide gel electrophoresis as 
described in Laemmli, supra . The peptides were 
electroeluted from the gels onto Immobilon polyvinylidene 
difluoride membranes (available from Millipore) in a 

20 Transplor unit (available from BioRad Laboratories). After 
transfer, the membranes were stained with Coomassie 
Brilliant Blue R-250, destained and soaked in several 
changes of distilled water. A 12 kilodalton ("KD") CNBr 
peptide and a 20 KD endoproteinase Lys-C peptide were 

25 excised from the membranes and directly subjected to amino 
terminal amino acid sequence analysis using an Applied 
Biosystems 473-A Gas phase Sequencer with an on-line 
microbore PTH-amino acid separator and data analyzer 
(available from Applied Biosystems in models 120-A and 900- 

30 A) . The sequence determined is shown in Figure l. 

The protein sequence database of the National 
Biomedical Research Foundation was searched with the PN-2 
amino acid sequence data obtained from Example 4, and. 
identity was found within the deduced sequence for ^APP. 

35 Accordingly, the deduced sequence for ^APP is shown in 
alignment with PN-2 sequences in Figure 1. 



wo 91/16628 



PCr/US91/01971 



As seen In Figure 1, the amino terminus of PN-2 starts 
at position 18 of ^APP. Underlined PN-2 residues at 
positions 46-72 were derived from the PN-2 CNBr peptide. 
Bold PN-2 residues at positions 46-50 represent overlap 
5 from the amino terminal sequence of native PN-2 and the 
amino terminal sequence of the PN-2 CNBr peptide. The 
arrow at position 44 represents an uncertain phenylalanine 
from the original amino terminal sequence of native PN-2 
and is the only discrepancy in the alignments. Underlined 

10 PN-2 residues at positions 107-116 were derived from a PN-2 
endoproteinase Lys-C peptide. No determination could be 
made for position 108 of PN-2. 
IDENTITY OF PN-2 AND 6APP 

Figure 1 reveals that the only discrepancy between 

15 ^APP and PN-2 was at amino acid residue 27 of PN-2. The 
^APP cDNA predicts a histidine residue at the position 
corresponding to position 27 of PN-2, which we reported as 
a questionedsle phenylalanine. Based on the observed 
sequence identity along with reports that certain forms of 

20 ^APP possesses a proteinase inhibitory domain and proteinase 
inhibitory activity, we believe that PN-2 and a secreted 
form of /9APP containing the Kunitz inhibitor domain are the 
same or very similar proteins. 

Cultured human glioblastoma cells and neuroblastoma 

25 cells have been shown to express mRNA for ^APP and to 
secrete the protein. ^APP mPNA and protein have also been 
detected in human brain. To further confirm our belief 
that PN-2 and ^APP were the same or similar proteins, 
immunoblot analysis for PN-2 was performed using these cell 

30 lines, as in the following example. 

Example 5 - Immunoblot Analysis of PN-2 

A PN-2-specific monoclonal hybridoma cell line was 
prepared as in Example 1- Normal human neonatal fcrsskin 
fibroblasts, human glioblastoma HTB-14 and human 

35 neuroblastoma HTB-11 cells were cultured in Dulbecco's 
Modified Eagle Medium containing 10% fetal bovine serum and 
antibiotics. Serum-free medium from the cultured cells was 
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concentrated and enriched for PN-2 by passing 100 lal of 
meditna through a 1 lol DEAE-Sepharose coliuon; the adsorbed 
protein was eluted with 2 ml of 1 M NaCl, Human brain 
parietal cortex sections were placed in a buffer (20 ml/gm 
5 tissue) containing 200 mM KaCl, 20% glycerol, 1% Triton 
X-100 and 20 mM potassium phosphate, pH 7.4, homogenized 
for 5 minutes using a Polytron sind centrifuged at 10,000 x 
g for 15 minutes at 4*C to remove particulates. For 
immunoblots, samples were subjected to SDS-PAGE; completed 
10 gels were soaked in transfer buffer and the proteins were 
electroeluted onto Immobilon polyvinylidene difluoride 
membranes for 2.5 hours at 0.4 A in a Transblot unit. The 
membranes were gently agitated in TBS (50 mM Tris-HCl, 150 
mM NaCl, pH 7.5) containing 0.25% gelatin overnight at 25*0 
15 to block unoccupied sites followed by incubation with mouse 
monoclonal mAbP2-l hybridoma culture supernatant for 1 hour 
at 37*0 with gentle agitation. After several washes with 
TBS containing 0.05% Tween-20, bound mouse mAbP2-l was 
detected with a biotinylated-sheep anti-mouse IgG 
20 (Amersham) and a streptavidin-horseradish peroxidase 
complex with several washes between each step. To develop 
the immimoblots, 48 mg of 4-chloronapthol were dissolved in 
16 ml of ice-cold methanol and this was added to 80 ml of 
ice-cold TBS followed by the addition of 64 /il of H2O2. 
25 The developed immunoblots are shown in Figxire 2a. 

The immunoblots of Figure 2a show that the PN-2- 
specific monoclonal antibody mAbP2-l recognized a protein 
in the culture medium of glioblastoma cells (lane 2) and 
neuroblastoma cells (lane 3), cells known to secrete ^APP. 
30 Moreover, it can be seen that the protein recognized in 
both of these cell cultures co-migrated in SDS-PAGE with 
the PN-2 present in human fibroblast culture medium (lane 
1). Thus, Example 5 provides further support for cur 
belief that the secreted form of pAPP containing the Kunitz 
35 inhibitor domain and PN-2 are the same or very similar 
proteins. Accordingly, the term •■PN-2/BAPP" will be used 
herein to refer to these proteins jointly. 



wo 91/16628 



PCr/US91/01971 



USE OF mAbP2-l IN THE DIAGNOSIS OF ALZHEIMER^S 

We also used inAbP2-l in inununoblots of tissue 
homogenates of the parietal cortex of healthy brain and of 
Alzheimer's disease brain. Figure 2b shows these results; 
5 lane 1 is a blot of SDS-PAGE of parietal cortex homogenate 
of healthy brain and leme 2 of Alzheimer's brain. As can 
be seen in Figure 2b, HAbP2-l recognized a protein in 
tissue homogenates prepared from the parietal cortex of 
both healthy brain or Alzheimer's disease brain. Thus, the 
10 mere finding PN-2 immunoreactivity in brain tissue 
homogenates does not serve as an indication of Alzheimer's. 
However, immunostaining with mAbP2-l will selectively stain 
neviritic plagues in tissue sections of Alzheimer's disease 
brain. 

15 Thus, we have discovered that mAbP2-l can be 

effectively used to diagnose Alzheimer's at autopsy. The 
following example shows a typical method for immunostaining 
brain tissue to reveal the presence of PN-2 immunoreactivity 
in Alzheimer's disease brain. 

20 Example b - Immunostaining of Alzheimer's Disease Brain 

Tissues were fixed overnight in 2% paraformaldehyde 
and 0.01% glutaraldehyde. After washing in PBS, vibratome 
sections were prepared and subsequently processed using a 
avidin-biotin complex immunoperoxidase detection system for 

25 PN-2 which uses the PN-2-specif ic antibody mAbP2-l. 
Results are seen in Figure 3. 

Figure 3 a shows that mAbP2-l exhibited intense 
staining of neuritic plagues with the CAl region of the 
hippocampus of a patient with Alzheimer's disease. 

30 Staining was not observed in age-matched controls (data not 
shown) . Higher magnification of a neuritic plague, seen in 
Figure 3b, showed that the staining was more pronounced at 
the periphery. 

Thus, Example 6 illustrates one method of diagnosing 

35 Alzheimer's at autopsy by the specific immunostaining of 
neuritic plaques with mAbP2-l. 
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PHYSIOLOGICAL FUNCTION FOR PN-2/flAPP 

Several considerations suggest that one physiological 
function for PN-2/^APP is the regulation of a chymotrypsin- 
like proteinase. One such consideration is derived from 
5 the finding that neuritic plagues in Alzheimer's disease 
contain A4 which is cleaved from ^APP by proteolytic 
cleavage. Studies have shown that ^APP c€ui be translated 
from at least three alternatively spliced mRNAs, only two of 
which contain an insert encoding for a Ktinitz-type protease 

10 inhibitor domain. Alzheimer's patients have been found to 
have an excess of mPNA coding for ^APP lacking the Kunitz- 
type proteinase inhibitor domain. Thus, we believe that 
this proteinase inhibitor domain is critical in preventing 
the build-up of A4 in nexiritic plaques. 

15 Another consideration is that it has been reported 

that a methionine residue flanks the amino terminal side of 
the peptide bond that is cleaved upon release of A4 from 
^APP. This site is susceptible to cleavage by a 
chymotryps in-like proteinase to release the A4 protein. 

20 Accordingly, we believe that one physiological function of 
PN-2/^APP is the inhibition of this chymotrypsin-like 
proteinase. 

We tested the ability of purified PN-2 to inhibit a 
variety of serine proteinases employing spectrophotometric 

25 assays with chromogenic substrates. We found that PN-2 was 
a potent inhibitor of chymotrypsin. Although the formation 
of complexes between chymotrypsin and PN-2 was not observed 
by SDS-PAGE, stable chymotrypsin-PN-2 binding was 
identified with a ^^Sj^chymotrypsin blotting assay. The 

30 following is an example of such an assay. 

Example 7 - J-^Si.chvmotrvpsin Blo tting Assay 

Two /ig of purified PN-2 were subjected to SDS-PAGE ' 
according to Laemmli- supra . The complete gel was soaked 
for 10 minutes in a transfer buffer consisting of 10 mM ' 

35 sodium bicarbonate, 3mM sodium carbonate, 20% methanol, pH 
9.9 and the PN-2 was electroeluted onto a nitrocellulose 
membrsme for 2 hours at 400 mA in Transblot unit (available 
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from BioRad Laboratories) • After transfer, the 
nitrocellulose membrane was gently agitated overnight in a 
solution of TBS containing 0.25% gelatin to block 
unoccupied sites on the membrane and then incubated with a 
5 solution of TBS containing 20 ng/ml of ^^Sj^^hymotirypsin 
(specific activity « 5,5 x 10^ cpm/pmole) for 20 minutes at 
25 'C followed by two 10 minutes washes with TBS containing 
0.05% Tween-20 and a final wash in TBS. Membrsmes were 
dried and exposed to X-ray film for 12 hours at -70*C. The 

10 resulting autoradiogram is shown in Figure 4. The 
autoradiogram demonstrates that ^^Sj^Qhymotrypsin bound to 
purified PN-2 that had been transferred to a nitrocellulose 
membrane after SDS-PAGE. A similar assay showed that ^25 j. 
chymotrypsin bound to PN-2 after SDS-PAGE of brain tissue 

15 homogenates and cell culture media from neiiroblastoma and 
glioblastoma cells (data not shown) • 

To further examine the inhibition of chymotrypsin by 
PN-2 the inhibition equilibritim constant (Ki) was measured 
for the reaction. These studies revealed that PN-2 was a 

20 potent and reversible inhibitor of chymoti^psin with a Ki = 
6 X 10"^^ M. Reversible inhibition is characteristic of 
the Kunitz-type serine proteinase inhibitors which are 
homologous to a domain in ^APP. Incubation of PN-2 with 
chymotrypsin resulted in proteolytically processed forms of 

25 PN-2 which still retained their ability to bind and inhibit 
chymotrypsin (data not shown) . These results are similar 
to results reported for emother Kxinitz-type inhibitor, 
plasma inter-a -trypsin inhibitor. Thus, we concluded that, 
like ^APP, PN-2 has Kunitz-type inhibitor activity. To 

30 further test this conclusion, we performed further 
proteinase inhibition studies of the purified PN-2 from 
Example 1 on a variety of proteinases. The following 
example shows one such study in which Fl^— 2 was fouiid fco be 
an effective inhibitor of both chymotrypsin-like and 

35 trypsin-like proteases. 
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Example 8 - Proteinase-Blot Analysis of 

Aliguots of purified PN-2/^APP were stibjected to 10% 
SDS-PAGE and completed gels were soaked in transfer buffer 
(10 inH sodium bicarbonate, 3 mH sodium carbonate, 20% 
5 methanol, pH 9.9) for 10 minutes. The proteins were 
electroeluted from the gels onto nitrocellulose membranes 
for 2.5 hooirs at 0.4 A in a Transblot apparatus and then 
gently agitated in TBS containing 0.25% gelatin overnight 
at 25 *C to block unoccupied sites. The nitrocellulose 
10 membranes were then incubated with ^^^I-protease (20-50 
ng/ml) for 30 minutes at 25* C followed by two 10 minutes 
washes with TBS containing 0.05% Tween-20 and a final wash 
in TBS. Membranes were then air dried and exposed to X-ray 
film for 12-24 hours at -70 •C. Results are shown in Figure 
15 5(a) and 5(b) and reported in Table II. 

Figure 5(a) shows that the low molecular weight 
"tryps in-like" proteases including EGF BP (lane 2) , NGF-7 
(lane 4) and trypsin (lane 6) formed SDS-stable complexes 
' with PN-2/^APP. In contrast, neither the higher molecular 
20 weight "t:rypsin-like»» proteases factor XIa and plasmin nor 
"chymotryp sin- like" proteases chymotrypsin and chymase 
formed SDS-stable complexes with PN-2/^APP (data not 
shown) . We employed the protease blotting technique of 
Example 8 to demonstrate stable binding of this group of 
25 proteases to PN-2/^APP. 

Figure 5(b) shows that ^^^I-labeled proteases bo\ind to 
PN-2/PAPP that was immobilized on nitrocellulose. Thus 
Example 8 shows that a spectrxim of different stabilities 
exist for complexes between PN-2/^APP and the proteases it 
30 inhibits. Although con^lexes between certain proteases and 
PN-2/i8APP are stable in SDS-PAGE without prior boiling, the 
kinetic studies indicate that these complexes are indeed 
reversible. 

Table II lists the inhibition equilibrium constants 
35 (Ki) obtained in Example 8 for PN-2/^APP with a variety of 
serine proteases. PN-2/^APP was a potent inhibitor of the 
blood coagulation protease factor XIa. The finding that 
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heparin enhanced the inhibition of factor XIa by PN-2/^APP 
suggests that the other domains (i.e., heparin binding 
domains) may be important in the inhibition of certain 
target proteases. In addition, PN-2/^APP effectively 
5 inhibited trypsin, chymotrypsin and two closely related 
serine proteases obtained from mouse submandibular gland, 
EGF BP and NGF-7. Chymase and plasmin were inhibited to a 
lesser extent. PH-2/pAPP did not significantly inhibit 
plasminogen activators, tissue kallikrein, pancreatic 
10 elastase or several other proteases from the coagulation 
pathway. 

The finding that PN-2//5APP can inhibit serine 
proteases of two different class specificities is 
noteworthy. Factor XIa, trypsin, EGF BP, NGF-7 and plasmin 

15 are all "trypsin-like" in specificity in that they cleave 
peptide bonds on the carboxyl side of the basic amino acids 
lysine or arginine. In contrast, chymotrypsin and chymase 
preferentially cleave peptide bonds on the carboxyl side of 
large side chain amino acids. The deduced amino acid 

20 sequence of PN-2/)9APP aligned with other Kunitz-type serine 
protease inhibitors predicts Arg^^^ to reside in the P^ 
site of the reactive center. This is consistent with the 
inhibition of the "trypsin-like" proteases factor XIa, 
tirypsin, EGF BP, HGF-7 and plasmin. In several instances 

25 strong inhibitors of trypsin with a Pi Arg or Lys inhibit 
chymotrypsin at the same site. A similar mechanism may 
occur for inhibition of chymotrypsin and chymase by PN- 
2/^APP. Alternatively, another site may be responsible for 
the inhibition of "chymotrypsin-like" proteases. 

30 A recent study by Potempa, et al., Science , 241:699- 

700 (1988), the disclosure of which is hereby incorporated 
by reference, showed that oc2-£mtiplasmin can inhibit 
"trypsin-likc" plasmin at the Arg3^4^M3t^65 j^ond or 
chymotrypsin at the adjacent Met^^^^ser^^^ bond. It is 

35 possible that an adjacent site in PN-2/^APP may be 
responsible for the "chymotryps in-like" inhibition. We 
found that preformed EGF BP-PN-2/^APP complexes did not 
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inhibit chymotrypsin (data not shown) consistent with the 
possibility of identical or adjacent inhibitory sites. 
Alternatively, formation of EGF BP*PN-2/^APP complexes may 
induce a conformational change in PN-2/^APP that renders it 
5 inactive towards inhibiting of chymotrypsin. 

Our discoveries that PN-2 is the same or very similar 
protein as ^APP and that PN-2/^APP has a Runitz-type 
inhibitor domain led us to a fiirther discovery that 
PN-2/^APP is useful in inhibiting the altered extracellular 

10 proteolysis implicated in Alzheimer's disease. 

Thus, one aspect of the invention involves 
administration of PN-2/i9APP to a mammal to inhibit 
deposition of A4 in neurit ic plagues. In this regard, we 
believe that administration of PN-2//5APP in sufficient 

15 amounts to inhibit cleavage of PN-2/^APP to release A4 is 
effective in inhibiting the deposition of neurit ic plagues. 
Neurit ic plagues are implicated in Alzheimer's, Down's, and 
possibly other diseases. Thus, we believe that 
administration of effective plague-deposition inhibiting 

20 amoiints of PN-2/^APP are ettective in the treatment and 
prevention of these diseases. 

Accordingly, in certain prefeinred embodiments of the 
present invention, PN-2/^APP is formulated into 
pharmaceutical preparations. These pharmaceutical 

25 preparations may further include other pharmaceutical ly 
active ingredients. In addition, any of the well-known 
pharmaceutically acceptable carriers or excipients may be 
combined with PN-2/^APP in well-known manner. 
Administration may be intramuscular, intravenous, 

30 intraperitoneal, or by any other method suitable for 
^delivering .active pheunnaceuticals to the body and to the 
brain. 

Example 9 shows an exemplary therapeutic composition 
for administering PN-2//9APP to a patient. 

35 
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Example 9 - An Injectable Composition for Preve ntion of 

Alzheimer^s 
2 mg/ml PN-2//9APP 
balance sterile H2O 

5 Therapeutic dosages of PN-2/^ilPP when used for 

intravenous injections in accordance with a method of the 
preferred embodiment is, preferably, the eunount required to 
provide a level of PN-2/^APP in the CSF in the patient of 1 
pg/iol to 100 fig/ml. Levels of PN-2/^APP can be assayed by 

10 the method of Example 20 described below. The levels of 
PN-2/^APP in the CSF can also be measured quantitatively 
using the monoclonal antibody of the present invention in 
either a quantitative Western Blot or by £m ELISA assay. 
Example 10 illustrates one immunological method of 

15 quantitating the level of PN-2/^APP in CSF. 

Example 10 - Western Blot for PN-2/^APP in Human CSF 

Hviman CSF is obtained from a healthy himan subject and 
subjected to SDS-PAGE. Standards having known amounts of 
PN-2/^APP are also run on the gels. The resulting gels are 

20 transferred to nitrocellulose mexabranes and exposed to 125j 
labeled mAbP2-l. The membranes are exposed to film and the 
resulting autoradiograms are analyzed for the presence of 
PN-2/)?APP immunoreactivity using a scemner instrtiment. The 
CSF values are compared with those for the known standards 

25 to make a quantitative determination of the amount of PN- 
2/^APP in the CSF samples. 

When using the pharmaceutical compositions of Example 
10, the dose will depend on the level of PN-2/i3APP in the 
CSF of the patient. Thus, in the treatment of these 

30 patients, the CSF level of PN-2/)9APP immunoreactivity may 
be periodically monitored to keep the levels of PN-2/^APP 
within the preferred therapeutic range. Example 11 
illustrates a preferred method of the present invention of 
preventing Alzheimer's disease in a susceptible patient. 

35 Example 11 - Prevention of Alzhe imer's Disease with 

PN-2/gAPP 
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Five patients with very early stage Alzheimer's 
disease receive 1.0 cc of the composition of Example 9 
intracranially once per day* A matched control group of 
five patients receive an equal amount of the composition of 
5 Example 9 without any active ingredient. The treatments 
are continued every day for a period of five years. Once 
per week for the first month, and once every three months 
thereafter, the level of PN-2/pAPP in each patient's CSF 
from the PN-2/^APP group is monitored by the method of 

10 Example 10. The dosage is adjusted to keep the level of PN- 
2/^APP within the range of lO^g/ml to lOOAig/ml. At the end 
of five years, the PN-2/^APP group is functioning well with 
little or no reduction in levels of ability to ceire for 
themselves or in memory. The control group exhibits 

15 significantly deteriorated memory and ability to care for 
themselves • 

The foregoing exeunples show the utility of native 
PN-2/^APP in effectively preventing further 
neurodegeneration associated with Alzheimer's. It is 
20 believed that administration of PN-2/^APP in the manner of 
Example 11 will prevent any fxarther neurodegeneration 
associated with Down's syndrome and other diseases as well. 
However, still greater effectiveness is believed obtainable 
from PN-2/^APP which has been modified by deletion of some 
25 or all of the A4 region of native PN-2//5APP. This is 
because native PN-2/i8APP not only provides the protease 
inhibiting domain of PN-2//3APP but may also provide the A4 
region itself. 

Recent data suggests that PN-2/^APP contains at 
30 least some of the A4 region. It is not known if normal PN- 
2/^APP contains all of the A4 region. One theory is that 
notmal PN-2/^APP contains only a portion of the A4 region 
and that Alzheimer's patients may have the entire A4 
domain. However, a competing theory is that both normal 
35 and Alzheimer's PN-2/^APP contain the entire A4 domain, but 
that the A4 protein is cleaved from Alzheimer's PN-2/)5APP 
as the protein is extruded through cell membremes. 
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If the latter theory is correct, then it is believed 
that addition of PN-2/^APP to a patient may have the 
unintended effect of providing more siibstrate for the 
release of A4. Thus, ve believe that PN-2/^APP lacking 
5 some or all of the A4 region may prove effective in 
inhibiting deposition of neuritic plagues in a mammal. 

Example 12 shows an exemplary method of obtaining a 
modified FN-2/)9APP containing the entire Kunitz inhibitory 
domain and lacking all of A4. 

10 Example 12 - Cloning and Expression of Modified PN-2/^APP 

Lacking a Portion of the A4 Region 
A cDNA plasmid containing the gene for native PN- 
2/)9APP is obtained and the cDNA containing the native 
sequence is excised. A unique restriction site between the 

15 region coding for the Kunitz inhibitor domain and the A4 
domain is located. The appropriate restriction enzyme is 
applied and the fragment containing the Kunitz inhibitor 
domain is isolated. An vector is chosen for expression of 
cloned sequences in yeast. Appropriate linker fragments 

20 are added to the Kimitz inhibitor domain containing 
fragment and the fragment is inserted into the vector. 
Expression in yeast produces the modified PN-2/^APP. 

Thus, Example 12 shows an exemplary method of cloning 
and expressing modified PN-2/;3APP. A similar method 

25 without the modification to the PN-2/^APP gene can be 
employed to clone and express native PN-2/^APP. As an 
alteimative to the cloning and expression of modified PN- 
2/^APP, it may be possible to cleave and isolate the Kunitz 
domain from PN-2/)9APP. This isolated protein fragment is 

30 expected to prove effective in preventing the deposition of 
amyloid plagues. 

Example 13 A Modified Composition Effective in 

Inhibiting Deposition of Neuritic Plaques 
2 mg/ml modified PN-2//JAPP from Example 12 

35 balance sterile H2O 

Example 14 - Prevention of Alzheimer^ s Disease 

Five patients with very early stage Alzheimer's 
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disease receive 1.0 cc of the composition of Exastple 9 
intracranially once per day. A matched control group of 
five patients receive an equal amount of the composition of 
Example 13 without any active ingredient. The treatments 
5 are continued every day for a period of five years. At the 
end of five years, the PN-2/^APP group is functioning well 
with no reduction in levels of ability to care for 
themselves or in memory • The control group exhibits 
significantly deteriorated memory and ability to care for 
10 themselves. 

CIRCUIATING SOURCE OF PN-2/flAPP 

Deposition of A4 at sites of cerebrovascular 
malformations led us and others to conclude that 
abnormalities of blood vessel walls might lead to its 
15 deposition from the circulation. In addition, a recent 
report showed evidence for the deposition of A4 in non- 
neural tissues in Alzheimer's disease which also suggested 
the likelihood of a circulating source of A4. However, 
heretofore evidence for a plasma source of PN-2/^APP or A4 
20 has been lacking. 

We have discovered the major circulating source of PN- 
2/^APP by screening different fractions of whole blood 
employing functional and immunochemical assays. The 
functional assay was based on the ability of PN-2/^APP to 
25 form SDS-steO^le complexes with EGF BP that C2ui be detected 
after electrophoresis. 

We looked for PH-2/pAPP in fractionated plasma and in 
platelet lysates prepared from fresh blood of a control and 
Alzheimer's disease patient. The functional assay we 
30 performed involved incubating the blood fractions with ^^^I 
labeled EGF BP in order to allow complexes of PN-2/^APP:EGF 
BP to form. SDS-PAGE was run and the complexes were 
detected as high molecular weight labeled bands. We could 
not detect PN-2/^APP:EGF BP in the assays we performed on 
35 plasma. However, these complexes were detected in assays 
performed on platelet lysates taken from the same patients. 
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Before assaying the plasma, it was first fractionated 
over a DEAE-Sepharose anion exchange column to concentrate 
and enrich for PN-2/^APP, as in Example 1. This step also 
removed the large amoxints of albumin, immunoglobulins and 
5 other endogenous protease inhibitors. The following 
example shows a typical assay for PN-2/)9APP in platelet and 
plasma fractions. 

Example 15 - PN-2/gAPPtEGF BP Complex Formation 

Platelet poor plasma and platelets were prepared from 

10 freshly collected blood obtained from control and diagnosed 
Alzheimer's disease patients. Ten ml aliguots of plasma 
were diluted with 20 ml of 20 mM potassium phosphate, 0.2 M 
NaCl, pH 7.4. As a control, purified PN-2/^APP was added 
to some plasma aliguots at a final concentration of 0.5 nM. 

15 All plasma samples were then passed through 1 ml 
DEAE-Sepharose columns, the colximns were then washed with 
25 ml of the above buffer. Adsorbed proteins were eluted 
from the columns with 20mM potassiim phosphate, 1 M NaCl, 
pH 7.4. Platelets were resuspended to a final 

20 concentration of 0.5 to 1.0 x loV^i and solubilized by 
incubation with 0.5% Triton X-100 for 30 minutes at room 
temperature. Aliguots of the DEAE-Sepharose eluates and 
platelet lysates were then incubated with 40 ng of ^25j_2GF 
BP (1.75 X 10^ cpm/pmole) for 15 minutes at 37 'C. An egual 

25 volume of SDS-sample buffer was added and the Sconples were 
subjected to nonreducing 10% SDS-PAGE as described by 
Laemmli, supra . Completed gels were dried and 
autoradiograms were prepared. 

The autoradiogram from Example 15 is shown in Figure 

30 6. Lane 1 was ^25i.£Qp gp alone; lane 2 was ^^^I-EGF BP + 
purified PN-2/^APP; lanes 3 and 6 were ^^^J^EGF BP + 
plasma; lanes 4 and 7 were ^25j.£Qp gp ^ platelet lysates; 
and lanes 5 and 8 were ^^^T^EGF BP + Plasma + ptirified 
PN-2/^APP (0.5 nM) . Lanes 5 and 8 were run to clearly show 

35 that purified PN-2/^APP in an equivalent amoiut of plasma 
and followed by the same fractionation procedure would be 
detected by this assay. 
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We also ran Western blots of gels of fractionated 
blood components. These assays shoved the eibsence of PN- 
2/^APP iinmiinoreactivity in the fractionated plasma samples 
using the anti-PN-2/^APP mouse monoclonal antibody mAbP2-l, 
5 described in Example 1, or affinity purified anti-PN-2/^APP 
rabbit polyclonal IgG. In these experiments the plasma was 
fractionated as described above for the functional assays. 
Western blotting of unfractionated plasma samples also 
failed to reveal immunoreactivity for PN-2/^APP or 
10 fragments of it (data not shown) . In contrast, both 
anti-PN-2/^APP antibodies clearly recognized PN-2/^APP in 
the platelet lysates. The following are exeuaples of these 
Western Blot assays we performed to further show that 
circulating PN-2/^APP was localized to platelet fractions. 
15 Example 16 - Western Blot for PN-2/flAP P using mAbP2>l 

Samples of plasma and platelets from control and 
Alzheimer's disease patients were prepared as described in 
Example 15. Samples were subjected to 10% SDS-PAGE 
followed by electro-elution onto nitrocellulose membranes 
20 for 2.5 hours at 0.4 A in a Tremsblot unit (BloRad 
Laboratories) . The membranes were gently agitated 
overnight at 25 •€ in TBS (50mM Tris-HCl, 150 mM NaCl, pH 
7.5) containing 0.25% gelating to block unoccupied sites, 
and then incubated with mouse monoclonal mAbP2-l hybridoma 
25 culture supernatant for 1 hour at 37 *€ with gentle 
agitation. After several washes with TBS containing 0.05% 
Tween-20r bound mouse mAbP2-l was detected with a 
biotinylated sheep anti-mouse IgG (Amersham) and a 
streptavidin-horseradish peroxidase complex . To develop 
30 the Western blots, 48 mg of 4 chloronapthol were dissolved 
in 16 ml of ice-cold methanol which was added to 80 ml of 
ice-cold TBS, followed by addition of 64 /*! of H2O2. 
Results are shown in Figure 7, panel a. lane 1 was 
purified human fibroblast PN-2//5APP; lane 2 was 
35 fractionated plasma from a healthy patient; lane 3 was 
platelet lysate from a healthy patient? lane 4 was 
fractionated plasma from an Alzheimer's patient; and lame 5 
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was platelet lysate from an Alzheimer's patient. These 
results clearly show that immunoreactivity in blood towards 
iaAbP2-l was foxind only in platelets of both healthy and 
Alzheimer's patients. 
5 Example 17 - Western Blot for PN-2/gAPP using polyclonal 

laG 

Western blots were performed as described in Example 
16 except that affinity purified rabbit polyclonal IgG was 
used as the primary antibody. Bound reibbit antibody was 

10 detected using a biotinylated donkey anti-rabbit IgG 
(Amersham) and a streptavidin-horseradish peroxidase 
complex. Results are shown in Figure 1 , P2mel B, with lane 
designations as in Example 16. These results also show 
that PN-2/^APP immunoreactivity in blood is foxmd only in 

15 platelets of both healthy and Alzheimer's patients. To 
further show that platelets were a circulating source of 
PN-2//5APP, monoclonal antibody mAbP2-l was used to 
effectively immunopurify PN-2/^APP from platelet lysates to 
apparent homogeneity using a method similar to that of 

20 Exeunple 1. The following is an example of one such immune- 
purification procedure. 

Example 18 - Immunopurif ication of PN-2/aAPP from Platelets 

Approximately 10 units of outdated platelets were 
extensively washed and pelleted by centrifugation. They 

25 were then resuspended in 200 ml of 20 mM potassiiim 
phosphate, 0.15 M NaCl, pH 7.4 containing 1% Triton X-100, 
5 mM EDTA, 500 /xM phenylmethane sulfonylfluoride, 10 pM 
chymostatin and 10 iM tosyl phenylchloromethyl ketone and 
solubilized with a Polytron. The homogenate was 

30 centrifuged at 10,000 x g for 30 minutes at 4* C; the 
resulting supernatant was subjected to 40-80% ammonium 
sulfate precipitation. The 80% pellet was resuspended in 
50 ml of 2CmM potassium phosphate, 0.2 K NaCl, pH7.4, 
dialyzed against the same buffer and chromatographed over a 

35 10 ml DEAE-Sepharose colt2mn. The adsorbed protein was 
eluted with 20 mM potassitun phosphate, 0.2 H NaCl pH 7.4. 
The eluate was directly applied to a 3 ml immunoaff inity 
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colximn of inAbP2-l-Sepharose, washed and eluted with 0.2 H 
glycine-HCl, O.IS M NaCl, pH 2.7 followed by imnediate 
neutralization with 2 M Tris-HCl, pH 8,0. Five fig of the 
inmtunopurified PN-2/^APP from platelets were subjected to 
5 10% nonreducing SDS-PA6E followed by staining with 
Coomassie Brilliant Blue. This gel is shown in Figure 7, 
Panel C. It can be seen that the purified PN-2/^APP co- 
migrates with the PN-2/^APP immunoreactive species from 
Examples 15 and 16, Peaiels A and B respectively. 
10 Example 19 - Western Blot of Purified P N-2/flAPP 

Two fig of purified PN-2/)?APP from Example 18 was 
subjected to Western Blot as in ExcU&ple 16, except that 
re^Dbit polyclonal antiserum (1:200) was used as the primary 
antibody. Bound antibody was detected as in Example 17. 
15 Results are shown in Figure 7, panel D. Lane 1 shows 
reOsbit polyclonal antiserum to synthetic A4. Lane 2 was as 
in Lane 1, edDsorbed with synthetic A4. 

It can be seen from Figiure 7, panel D that the 
immunopurif ied PN-2/^APP from platelet lysates was 
20 recognized by rabbit polyclonal antiserum to synthetic A4, 
demonstrating that at least part of the A4 protein is 
present in PN-2/^APP. 

MECHANISM OF PN-2/6APP RE LEASE BY PLATELETS 

In order to elucidate the mechanism by which platelets 

25 can make PN-2/^APP avail2d}le, freshly washed platelets were 
treated with collagen or thrombin, physiologic platelet 
agonists that trigger secretion of platelet granule 
constituents. We discovered that activation of platelets 
with either collagen or thrombin resulted in secretion of 

30 approximately one-half of total PN-2//5APP present in the 
platelets. Similarly, low affinity platelet factor-4 ("LA- 
PF4"), an cc-gran\ile constituent, and adenine nucleotides 
which are dense granule cor&stituents, were also secreted 
after treatment of platelets with either agonist. To 

35 determine the extent that the presence of PN-2//8APP or the 
granule markers in the releasates was due to platelet 
lysis, we assayed for the cytosolic marker lactate 
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dehydrogenase ("LDH") which would only be expected to be 
released upon lysis. No LDH was detected in the 
releasates, demonstrating that the release of PN-2/^APP did 
not result from platelet lysis. Treatment of the platelets 
5 with met£j30lic inhibitors prior to activation by either 
agonist blocked the secretion of PH-2/)9APP and the granule 
markers, consistent with findings that platelet activation 
and granule secretion are active processes. The methods of 
the foregoing experiments are described in the following 
10 Example. 

Example 20 - Secreti on of PN-2/^APP from Platelets 

Secretion of PN-2/^APP from platelets after activation 
by the agonists collagen or thrombin was studied. Briefly, 
fresh platelets washed by albumin density gradient 

15 centrifugation and gel filtration were incubated for 30 
minutes at 37*0 in the absence or presence of the combined 
metabolic inhibitors antimycin A (15 /<g/ml) , 2-deoxy-D- 
glucose (30 mM) , and D-gluconic acid 5 -lactone (10 mM) . 
The platelets were then placed into a cuvette 37 water 

20 bath with stirring at 1,200 rpm, and collagen (20 pg/ml or 
a -thrombin (1 U/ml) was added. After 10 minutes, the 
samples were centrifuged at 12,000 x g for 4 minutes, and 
supematants were collected. Aliquots were removed and 
quant itated for PN-2/^APP by incubation with ^^^l^EGF BP 

25 and analysis of complex formation by SDS-PAGE and 
autoradiography as in Example 15. Autoradiograms were 
aligned with dried gels; ^^Sj.egf BP:PN-2/^APP complexes 
were located, excised and quant itated in a 7 counter. 
Aliquots were also quant itated for platelet markers as 

30 follows: total adenine nucleotide (ADP/ATP) secretion was 
measured by the method of Homsen et al . , Anal. Btochem. , 
46:489 (1972); low affinity platelet factor 4 (LA-PF4) 
secretion was qusoititated by the method of Rucinski et al.. 
Blood . 53:47 (1979); and cytosolic lactate dehydrogenase 

35 (LDH) loss was assessed by the procedure of Wroblewski and 
Ladue, Proc. Soc. Exper. Biol, Med. . 77:389 (1978), the 
disclosures of which are hereby incorporated by reference. 
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Results are summarized in Table III. Values represent the 
percent secreted. Percent secreted was determined from the 
ratio of releasate in agonist treated saunple to the total 
cuaount present in detergent lysate? nonstimulated platelet 

5 supematants were subtracted from both. Values expressed 
are the nean ± SEM of three experiments, each consisting of 
combined platelets from two donors. 

The results of Table III suggested that PN-2/pAPP was 
most likely a platelet gramule protein. Therefore, we 

10 conducted further studies to ascertain- the specific 
subcellular localization of PN-2/^APP. One study we 
conducted was platelet subcellular fractionation in order 
to ascertain in which fraction PN-2/^APP was found. The 
following example shows one such study. 

15 Example 21 - Platelet Subcellular Fractionation by 

Differential Ul tracentrifuaation 
A platelet pellet was prepared from 450 ml of blood, 
resuspended in 25 ml 10 IBM HEPES, 1 mM EDTA, and 0.25 M 
sucrose and homogenized twice in a French pressure cell. 

20 Differential centrifugation of the homogenate, as described 
in Schmaier, et al., J. Clin. Invest. , 75:242 (1985), the 
disclosure of which is hereby incorporated by reference, 
resulted in four fractions: F^, a 1,000 x g pellet which 
contained whole platelets and large platelet fragments; F2, 

25 a 12,000 x g pellet which contained mitochondria and 
granules? F3, a 100,000 x g pellet containing membranes, and 
F4, a 100,000 X g supernatant containing cytosolic material. 
Aliquots of each fraction were quantitated for PN-2/^APP as 
described in Example 20? fibrinogen was quantitated by the 

30 method of Laurell, Anal. Biochem, , 15:45 (1966), the 
disclosure of which is hereby incorporated by reference; and 
LA-PF4 by the procedure of Rucinski et al., supra . Only 
preparations that had a recovery of at least 60% for total 
protein and each constituent were used in the analysis. The 

35 relative specific amounts of each marker in the preparation 
were calculated from the ratio of the specific amount of 
marker in the fraction (amount of antigen or activity per mg 
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total protein) to the specific amovmt of the marker in the 
total platelet lysate according to the convention of de Duve 
et al, Biochem J. , 60:604 (1955), the disclosure of which is 
hereby incorporated by reference. The product of the 
5 relative specific amount of marker and percent total 
protein indicates the percent marker found within the 
fraction. Figure 8 A represents a bar graph of the percent 
of each marker ± SEH found within each fraction of the 
differential centrifugation. 

10 Figure 8 A shows that approximately 53% of the total 

PN-2/^APP was recovered in the granule fraction F2. 
Simileir results were obtained for platelet fibrinogen and 
low affinity platelet factor-4, known oc-grcinule proteins. 
Thus, this granule preparation was further fractionated by 

15 sucrose density ultracentrifugation, as shown in the 
following excimple. 

Example 22 - Platelet Subcellular Fractionation bv Sucrose 
Density Ultracentrifuaation 
The gremule fraction, F2, from Example 21, was further 

20 fractionated on a sucrose step gradient that increased trom 
0.8 to 2.0 M in 0.2 M increments. Centrifugation resulted 
in four major fractions: A, material which did not enter 
the gradient; B, lysosomal granule constituents; c, «- 
granule constituents; and D, a pellet which consists of 

25 dense granules. PN-2/^APP and fibrinogen were quantitated 
as in Example 20. Serotonin was assayed by the procedure 
of Weissbach et al., J. Biol. Chem. . 230: 865 (1955), the 
disclosure of which is hereby incorporated by reference. 
The data were calctilated as in Example 21 and the results, 

30 shown in Figure 8B, were plotted as in Example 21. Each 
bar graph, except for the serotonin, is the mean ± SEM of 
three experiments. The serotonin experiments are the mean 
of two identical experiments. 

Figure SB shows that approximately 80% of the 

35 PN-2/^APP activity in the granule fraction F2 was recovered 
in fraction C which is enriched for platelet «-granules. 
similar results were obtained for fibrinogen and low 
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affinity platelet factor-4. In contrast, serotonin, a 
known dense grwule constituent, was recovered almost 
exclusively in fraction D, a pellet of the sucrose 
gradient. 

5 Thus, as the foregoing examples show, we have 

discovered that PN-2/^APP does not circulate freely in 
plasma, but is contained in the oc-grsuiules of platelets. 
Moreover, the foregoing examples also show that we have 
further discovered that upon platelet activation, PN-2/)?APP 
10 is secreted along with other platelet cx-granule 
constituents • 
PIAGNOSIS OF RMHEnfflR^S 

The results of the foregoing studies on the 
circulating source of PN-2/^APP indicate a pathophysiologic 
15 mechanism for the deposition of cerebrovascular and 
peripheral perivascular PN-2/^APP and A4. In these 
situations, subtle changes in the vessel walls of the 
vasculature, as may occ\ir in certain malformations, may 
expose sites that could activate platelets and cause them 
20 to secrete their granule contents, including PN-2/^APP emd 
derived fragments, such as A4. 

Platelets from individuals with Alzheimer's disease 
have alterations in their plasma membranes. We believe 
that this may contribute to increased platelet adherence to 
25 the vasculature and/ or increased secretion of PN-2/^APP or 
related fragments. Therefore, we believe that platelets of 
Alzheimer's patients have altered levels of PN-2/^APP and 
related fragments. Due to the long lag time during which 
neuritic plagues are forming without causing symptoms, we 
30 believe that these altered levels of PN-2/i9APP may be 
detectable years before clinical symptoms appear. 

Normal PN-2/^APP is believed to contain at least a 
portion of A4. It is believed that proteolytic cleavage of 
this portion of A4 occurs. Thus, fragments of PN-2/^APP 
35 slightly smaller than native PN-2/^APP lacking the portion 
of A4 can be detected in normal subjects by Western assay 
using mAbP2-l as a probe. It is possible that there is an 
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increase in this proteolytic cleavage in Alzheimer's 
disease. Thus, increased amoxints of this smaller fragment 
may be present in Alzheimer's disease patients. 

As stated above, one theory is that PN-2/^APP from 
5 Alzheimer's patients contains all of A4 while PN-2/i5APP 
from normal sxibjects lacks at least a portion of A4. Thus, 
if this theory is correct, the detection of fragments of 
PN-2/^APP slightly larger than native PN-2/^APP by mAbP2-l 
in Western assays would be indicative of Alzheimer's 
10 disease. 

Accordingly, we have discovered methods for diagnosing 
Alzheimer's disease, which are effective not only prior to 
autopsy, but which are advantageously effective even prior 
to any clinical manifestations of the disease. One such 

15 method comprises obtaining platelets from a subject and 
determining the level of PN-2/^APP or any fragment thereof 
in those platelets. An Alzheimer's patient will have 
significantly altered levels of PN-2/^APP or a fragment 
thereof than normal sxibjects, even if the test is performed 

20 long before clinical manifestations appear. 

Examples 23-27 are intended to illustrate typical 
methods of practicing this aspect of the present invention. 
In these examples, PN-2/)5APP is used to refer to PN-2, 
J5APP, or any fragment thereof. 

25 Example 23 - Determination of Normal I^evels of PN-2/^APP in 

Platelets 

Ten healthy 20 year old female patients are tested for 
platelet levels of PN-2/)8APP by drawing 25 cc of blood from 
each. Platelets are isolated and lysed, and the level of 

30 PN-2/^APP determined by the method of Exsuaple 10. The 
levels of the native fragment of PN-2/^APP are found to be 
in the range of 150 ng/10® platelets to 2 /ig/10® platelets, 
with an average of 1 ^ig/lO® platelets. A much smaller 
amount of the smaller fragment of PN-2/^APP lacking all of 

35 the A4 region is detected. 
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Exanple 24 ~ Detection of Alzheime r^ s Disease through 
Platelet Levels of PN-2/flAPP 
A 60 year old female patient with no clinical symptoms 
of Alzheimer's disease is tested for Alzheimer's by drawing 
5 25 cc of blood. Platelets are isolated and lysed, and the 
level of PN-2/^APP determined by the method of Example 10. 
The level of the native fragment of PN-2/^APP is found to 
be 100 ng/io^ platelets, lower than the normal levels of 
determined in Example 23. The patient shows a higher level 

10 of the smaller fragment of PN-2/^APP lacking the A4 region. 
The patient may also show detectable levels of the larger 
fragment of PN-2//JAPP having all of the A4 region. Thus, it 
is concluded that the patient has a high potential for 
developing Alzheimer's symptoms within the next few years. 

15 Appropriate treatment may then be provided. 

Thus, the foregoing examples show quantitative and 
qualitative methods of the present invention in which 
platelet levels of the veurious fragments of PN-2/^APP are 
indicative of Alzheimer's disease. These examples show 

20 that quantitative changes in the level of the native PN- 
2/^APP may be used to diagnose Alzheimer's disease. 
Additionally, the qualitative findings of either the larger 
fragment of PN-2/^APP containing most or all of the A4 
region or the smaller fragment lacking the A4 region may 

25 also be indicative of Alzheimer's disease. 

An additional method of the present invention is to 
detect Alzheimer's disease by altered levels of PH-2/^APP 
in the CSF. An example of this method is shown in Example 
25. 

30 Example 25 - Determination of Normal Levels of PN-2/aAPP in 

CSF 

Four healthy patients were tested for levels of PN- 
2/^APP by drawing 3 cc of CSF from each. The level of PN- 
2/fihBP in each sample was determined by the method of 
35 Example 10 and by the method of Example 20. The levels of 
PN-2//9APP were found to be in the range of 5 to 10 ^g/ml, 
with an average of 7.5 iig/ml. 
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Example 26 - Detection of Alzheimer^s Disease through CSF 
Levels of PN-2/^APP 
Four patients with varying clinical symptoms of 
Alzheimer's disease were tested for Alzheimer's by drawing 
5 3 cc of CSF. The level of PN-2/j8APP in the CSF was 
determined by the method of Example 10, The level of PK- 
2/^APP was found to be at least 50% lower than the normal 
levels determined in Example 25. Thus, the decreases in 
PN-2/^APP in CSF correlated with neurodegeneration. 

10 Thus, the Example 26 shows a method of the present 

invention in which CSF levels of PN-2/^APP are indicative 
of Alzheimer's disease. We also believe that the increased 
secretion of PN-2/^APP in Alzheimer's patients results in 
PN-2/i8APP being detectable in a wide variety of tissues in 

15 these patients. Thus, additional methods of the present 
invention may detect Alzheimer's disease by detecting 
altered levels of PN-2/^APP in the any of a wide variety of 
tissues. Some particular tissues are believed to have 
normal levels of PN-2/^APP that are substantially 

20 undetectable by the methods of the present invention in 
healthy patients, yet have elevated levels in Alzheimer's. 
Thus, for these tissues, the detection of any PN-2/^APP is 
indicative of a disease state. These tissues include skin, 
subcutaneous tissue and intestine. It has been found that 

25 these tissues have normal levels of PN-2/^APP in the range 
of 1 pg/mg tissue to 5 pg/mg tissue. The following example 
illustrates a method embodying this aspect of the present 
invention. 

Example 27 - Detection of Alzheimer's Disease through the 

30 Presence of PN-2/5APP 

A 62 year old male patient with no clinical symptoms 
of Alzheimer's disease is tested for Alzheimer's by first 
obtaining a small sample of skin from the top of the hand. 
The skin is homogenized and the level of PN-2/^APP in the 

35 homogenate is determined by the method of Example 10. The 
level of PN-2/^APP is found to be 0.5 pg/mg tissue. Thus, 
it is concluded that the patient has a high potential for 
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developing Alzheimer's symptoms within the next few years. 
Appropriate treatment may then be provided. 
COAGULATION INHIBITION 

Our discoveries that PN-2/^APP is an a-granule 
5 constituent of platelets and that it may be secreted upon 
platelet activation are particularly significeuit when 
combined with recent reports that PN-2/^APP possesses 
growth factor activity. It is known that platelets 
aggregate at wound sites and secrete the contents of their 
10 storage granules which include growth factors. Moreover, 
wound sites also contain elevated levels of proteases 
which: (a) mediate formation of the fibrin clot, (b) 
participate in tissue repair by stimulating cell division 
and cell migration, and (c) influence inflammatory 
15 response. Thus, we believe that PN-2/^APP, which has both 
protease inhibitory activity and growth factor activity is 
involved in the complex events that lead to tissue repair. 

In particular, PN-2/^APP has Factor XIa inhibitory 
activity. The kinetic studies of Example 8, reported in 
20 Table II, snow that PN-2/^APP is a potent inhibitor of 
coagulation factor XIa, suggesting that PN-2/^APP may be a 
modulator of the blood clotting cascade. Factor XIa is 
critical in the events leading to blood coagulation. The 
inhibition of Factor XIa blocks nearly the entire cascade. 
25 Thus, we have discovered that PN-2/^APP can be successfully 
used as an anti-coagulation agent in mzunmals. Anti- 
coagulation treatment is useful in treating a variety of 
diseases in which blood clots may cause severe 
disabilities, such as myocardial infarction, phlebitis, 
30 stroke and other diseases. 

Accordingly, in certain preferred embodiments of the 
present invention, PN-2/^APP or an analog thereof is 
formulated into pharmaceutical preparations having anti- 
coagulation activity. These pharmaceutical preparations 
35 may further include other pharmaceutically active 
ingredients. In addition, any of the well-known 
pharmaceutically acceptable carriers or excipients may be 
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combined with PN-2/^APP in well-known manner. 
Administration may be intramuscular, intravenous, 
intraperitoneal or by any other known method of delivering 
a pharmaceutical. 
5 Therapeutic dosage of PN-2//JAPP or an analog thereof 

when used intravenously in accordance with a method of the 
preferred embodiment for anti-coagulation is preferably in 
the range of 600 §ig to 60 mg for a 70 kilogram adult per 
day, more preferably in the range of 3 mg to 12 mg active 

10 ingredient for a 70 kilogram adult per day . The total 
amount of active ingredient administered per day is 
prefersibly divided into two to four equal dosages per day. 
Example 28 - An Anti-Coacfulant Composition for Intravenous 
Jinjectjon 

15 1 mg/ml PN-2/^APP 

balance sterile H2O 

Example 29 - Anti-Coagulant Treatment of Phlebitis with 

The composition of Example 28 is injected 

20 intravenously by five patients suffering from phlebitis of 
the leg. Five matched control patients receive the 
composition of Example 28 lacking active ingredient. The 
composition is taken two times per day for a period of 
three months. At the end of the three month period, the 

25 five patients receiving the control composition have 
unchanged symptoms. In contrast, the five patients 
receiving PN-2/^APP show increased blood flow through the 
leg relative to the start of this study. 
Example 30 - Anti-Coacrulant Treatment of Stroke with 

30 PN-2/flAPP 

The composition of Example 28 is taken intravenously 
by five patients who are recent victims of stroke. Five 
matched control patients receive the composition of Example 
28 lacking active ingredient. The composition is taken two 

35 times daily for a two year period. By the end of the two 
year period, four out of five of the control group suffer 
repeat strokes, with two patients dying* In the same period 
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none of the PN-2/^APP-treated group has suffered a repeat 
stroke, and all are living. 

It will be appreciated that certain variations may 
suggest themselves to those skilled in the art. The 
5 foregoing detailed description is to be clearly understood 
as given by way of illustration, the spirit and scope of 
this invention being limited solely by the appended claims. 
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TABLE III 

Secretion of by Activated Platelets 

Washed Platelets Inhibitor-Treated Platelets 



Markers Collagen Thrombin Collagen ThrPffbii.P 

(%) (%) (%) (%) 

PN-2 46,3±7.7 53.7±7.6 0 0 

ADP/ATP 45±16 68±11 1.311.3 0 

LA-PF4 52±11 69±6.2 0 0.4±0.4 

LDH 1.3±1.3 0 0 0 
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WHAT IS CIATMED ISt 

1. A method for detecting circulating levels of 
amyloid precursor protein and related fragments, comprising 
the steps of: 

5 obtaining platelets from a patient; and 

determining the presence or level of amyloid 
precxirsor protein in said platelets. 

2. The method of Claim 1, wherein said method 
further comprises the step of lysing said platelets before 

10 said determining step. 

3. The method of Claim 1, wherein said method 
further comprises the step of activating said platelets 
with a platelet agonist before said determining step. 

4. The method of Claim 3, wherein said agonist is 
15 selected from the group consisting of thrombin and 

collagen. 

5. A method of diagnosing a neurodegenerative 
condition , compr is ing : 

obtaining platelets from a patient; 
20 determining the level of PN-2/^APP or any 

fragment thereof in said platelets; and 

comparing the determined level with normal levels 
of PN-2/^APP or any fragment thereof in platelets. 

6. The method of Claim 5, wherein the level of a 
25 smaller fragment of PN-2/^APP than native PN-2/^APP is 

determined, and wherein an increase in the level of . said 
smaller fragment relative to normal levels of said smaller 
fragment is indicative of a neurodegenerative condition. 

7. The method of Claim 5, wherein the level of a 
30 larger fragment of PN-2/^APP than native PN-2/flAPP is 

determined, and wherein an increase in the level of said 
larger fragment relative to nomal levels of said smaller 
fragment is indicative of a neurodegenerative condition. 

8. The method of Claim 5, wherein said condition is 
35 selected from the group consisting of Alzheimer's disease 

and Down's syndrome. 
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9. The method of Claiia 8, wherein said condition is 
Alzheimer's disease. 

10. The method of Claim 9, wherein said method is 
performed prior to the appearance of clinical 

5 manifestations of Alzheimer's disease. 

11 . The method of Claim 5 , wherein the determined 
level being different than said normal levels is indicative 
of Alzheimer's disease. 

12. The method of Claim 1, wherein the determining 
10 step comprises contacting a sample containing at least a 

fraction of said platelets with antibody against any 
portion of PN-2/pAPP and detecting the binding of said 
antibody to said seunple. 

13. The method of Claim 12, wherein the antibody has 
15 substantially the same binding activity as the antibody 

produced by hybridoma strain ATCC No. HB 10424. 

14. Monoclonal antibody specific to PN-2/^APP. 

15. The monoclonal antibody producing strain ATCC No. 
HB 10424. 

20 16. Monoclonal antibody having substantially the same 

binding activity as that produced by the hybridoma of Claim 
15. 

17. A method for detecting abnormal levels of PN- 
2/^APP and related fragments in a mammal, comprising the 

25 steps of: 

obtaining a sample of cerebrospinal fluid from a 
mcuamal; 

measuring the level of PN-2/0APP and related 
fragments in said sample; and 
30 comparing the measured level with normal levels 

of PN-2/^APP and related fragments in cerebrospinal 
fluid. 

18. The method of Claim 17, wherein said measuring 
step comprises contacting at least a fraction of said 

35 sample with monoclonal antibody to any portion of PN-2/^APP 
and detecting the binding of said anti±)ody to said sample. 
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10 



15 



25 



30 



35 



Use of an effective plaque-deposition inhibiting 
amount of protease nexin-2 or a fragment or analog thereof 
for the preparation of a medicament for inhibiting 
deposition of amyloid plaques in a mammal. 

20. The use of Claim 19, wherein said effective 
amount is effective to inhibit cleavage of amyloid 
precursor protein to release A4. 

21. The use of Claim 19, wherein said method is 
performed in order to prevent further neurodegeneration in 
a patient suffering from a condition selected from the 
group consisting of Alzheimer's disease and Down's 
Syndrome. 

22. The use of Claim 19, wherein said protease nexin 2 
or fragment or analog thereof has been modified by deletion 
of some or all of the A4 region of native protease nexin-2. 

23. The use of Claim 19, wherein said protease nexin-2 
is native protease nexin-2. 

24. The use of Claim 22, wherein said protease nexin-2 
has been modified by cloning and expression of a modified 

20 protease nexin-2 gene in a recombinant DNA system. 

25. A recombinant cell line expressing a recombinant 
protease nexin-2 that lacks at least a portion of the A4 
region. 

26. Use of an effective, Factor XIa inhibiting amount 
of protease nexin-2 or a fragment or analog thereof for 
inhibition of Factor XIa in a mammal. 

27. The use of Claim 26, wherein said protease nexin 2 
is native protease nexin 2. 

28. The use of Claim 27, wherein said protease nexin-2 
is synthetic protease nexin 2 sequence having at least the 
active Factor XIa inhibiting domain of native protease 
nexin-2 . 

29. The use of Claim 27, wherein said mammal is 
suffering from a condition selected from the group 
consisting of stroke, myocardial infarction and phlebitis. 

30. A pharmaceutical composition comprising an 
effective anticoagulative or amyloid plaque deposition 
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Inhibiting amount of protease nexin-2 or fragment or analog 
thereof and a pharmaceutically acceptedsle diluent, carrier 
or excipient. 

31. A method of inhibiting the proteinase activity of 
5 serine proteases comprising the step of adding protease 

nexin-2 or a fragment or analog thereof to a solution 
containing at least one serine protease. 

32. The method of Claim 31, wherein said step of 
adding protease nexin-2 or a fragment or analog thereof 

10 comprises the in vivo addition of protease nexin 2 to a 
mammal, wherein said solution is a solution within said 
mamioal • 

33. A method of diagnosing Alzheimer^ s disease at 
autopsy of a mammal, comprising the steps of: 

15 immiinostaining brain tissue from said meoomal with 

an antibody to any portion of protease nexin-2; and 

determining the presence of Alzheimer's disease 
by the presence of regions in said tissue stained by 
said antibody. 

20 34, The method of Claim 33, wherein said antibody is 

a monoclonal antibody to protease nexin-2. 



25 
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FIG. 2a 



FIG. 2b 
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FIG. 7c 



FIG. 7d 



I40K- 
94K- 

67K- 

43K- 
30K- 



I40K- 
94K- 

67K- 

43K- 
30K- 




r; >V 



20K- 



20K- 



SUBSTITUTE SHEET 



wo 91/16628 



PCT/US91/01971 



8/9 



PN-2/APP 




Fl F2 F3 F4 

FIG. 8A-1 



z Q50 



Fibrinogen 




F2 F3 F4 



FIG. 8A-2 



LA-PF4 




Fl F2 F3 F4 

FIG. 8A-3 



SUBSTITUTE SHEET 



wo 91/16628 PCrAJS91/01971 

9/9 




A B C D 

Fraction 

FIG. 8B-1 



1 ^ p- 
5 o 80 - 




Fraction 



FIG. 8B-2 



Serotonin 




A B c D 
Fraction 

FIG. 8B-3 




Fraction 



FIG. 8B-4 



SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 

inii^KHi.ii AWII.C.IIIO" fw PCT/DS91/01971 



I. CLASSIFICATION OF * O BJECT MATTER «il nw.il cl.is»ilicalion stmboK .inpt». tiic 
Accei difl9 10 internalieoal I .ni CUstUtcauoo UPC) or lo oolh Nattonal CUssa.cjtion a.iu IHC 

IPC(5): COIN 33/53 

U.S. CI. 435/7.4, 240,27; 530/387 



II. FIELDS SEARCHED 



Mtnunum Oocunieni;ition Scare nco ' 



CUtsificatiefl Svttem 



U.S.Cl. 



CUisxaicnion ^vmeqis 



435/7.4, 240.27; 530/387, 350 



OocuRWfMation Searched other Ihan Minimum OocumeflUCion 
to the Eiieni that lueh Oocumentt *re Incluoed in the F»eids Searched • 



nt DOCUMENTS CONSIDERED TO BE RELEVANT • 



Category » | Clation ot Ooctimenu " wrth ihdicatioii. where aooroonine. ot tne re*e^*m oa«taoe» ^ \ Relevant to Claim No.^ 



X 



LABDRMCBY INVESEEGSEKW, VoIuib 58, No. 4, isarf 1988, F. Coria, 
et aL. Tsolatlai »d Qmcxedzatim dt kofhM P Canponait frcm 
AlAdner's IMsease aiii odier types of Cer^^ pages 
454r^, see entire dcxammt. 

Proceeding <£ the ^fatialal Academy of Science, vohne 86, isaied 
Jaiuary 1999, B Tkte-Ofetitsff , et al, 'Tdentificatiai of cellular 
and extracellular sLtffl a£ ansrloLd precursor protein ertracyto- 
pi^omr dcmin in nocml and Alaheimer disease trains" pages 745- 
749, see sitixe doasnent. 

Cai, voliiSE 57, issued 07 April 1989, A. Vfeidenenn. et al. , 
•Identificatijon, fecgaiesis, aiid L o cnliTal-icn of Precursors of 
AlA^mer's Disease A4 anyloid Ptotaein" pages 115-126, see 
entire doouDEnt. 

SdacB, VdluiB 241, isa«i 26 August 1988, M.R. Mme rt, et aL, 
' Wlodd Itotein Precursor Maaa » »g : RNAs: Mffierencial 
Eqsessiai in Alateiner's disBase" lages 108O-MB4, see entire 
doLiiimt. 



1-18 



1-18 



1-18 



1-4, 12, 13 



* Soccial categories of cited documcnta: * 

"A" document deftfung Iho gefieral «ut« ol the an «rhich is not 

contidared lo Xtm ot paritcutar rotcvance 
**E" earlier documonl btit out>(ished on or atier the internaiionol 

filing dato 

"t" document which mav throw doubts on priontv cU-unifs) or 
which II ctted to esxabltsn the ouottcation date ot .mother 
citobon or ociver special reason (as toccihcdl 

**0** document referrmg to an oral diaclosufo. use. cthibition or 
other means 

"9" document nubUshcd prior ic .ntef.*rs!:ortal filmn 0.>le but 
later than the prioritv date cUunted 



-T" LMcr oocunnHit publt^hiHi alter fe mrernvronat Tilmn cate 
or rrioril* ciaip ano not m contlict Attn t**c aooiication out 
Cited lo unucrstand lt*e princmle or tneor* unacri>ing tho 
indention 

"X" document ol parti ciiUir rrlc«anctf: tre c-i.nieo invention 
cannot b<* consioerm novel or cannot re consiucreo to 
involve an invenitvo kti-p 

"Y* document ol pariiCuUr refe«anc«<: :re fLumeo imention 
canitot be conttocred to invoue an inveni.,** steo »nen |i*o 
document ts coniotn<*ti Aittt otu* »ir »^e»t» t»:**rf *ucit iiocu* 
fttf^ts. such comoiajluHi ueinij o:t«ious :o i ucrton s«iitoo 
in the art. 

"A" document mi-moer eU iiir* same rJt<>nf •t-*-:. 
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litl(*rffUiiionat Anoltc.itf«in fin. 
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FURTHER INFORMAT. 4 CONTINUED FROM THE SECOND SHEET " 



I^roceediags o£ tiie tetional Academf cf Science, VohiDe 85, issued 
Jkaiary 1969, C. A. tfarotta, et al. , ^YXnerexpressiGn cf aii7laLd 
preoiEsar prctein M (B-anylaijd) imriinnreactivity in genetically 
txansfannod cells: Tmplifjratijcns far a rftlltilar mnrfel cf 
AlghpinPT anyloidcisis" pages 337-341, see entire doonent. 
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V.Q OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE* 



This intcrMttonsI ■■arch f sport lus not be«fi estabtishtd ui rttecct ol ctrtacn dauna undar Article 17(3) (a) for tfta lellomg riasona: 
1.Q Claim numbtrs . bocavao lhay ralata to tubiact maucr w not reouirad to b* aaarcltad by this Aulhoritr. nanialT: 



2.Q Claim numbers . bacausa they rdste to parts el the mternattenal aoobcauon inat do not comoly wrtn the p«cscriocd reoinre- 

menis to such an evtenl that no meaninglul mtcmaiional saarcn con be carried out • •. tnccaicaU/: 



xQ Oamnumbars^ 
POT Rutt 6.4(a). 



, because may are deperMcnt claims not drafted in accorcanco wiia r.e sccsrc a-o r--e icntc-rces ct 



VlQQ OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING* 



This International Searching Authorrty found muUiple inventions in this mternauonal appucaiion as loiio#is: 

see attadnent to teLefiicne nEnniandisn 



I n As rroutred addUionAl scorch Ires were timely paid toy Ihe aoplicanl. Ihi* micrnatiotut sc*irch f**nof| cn,rfs ..a -..-Afc*' a>i«* «.i.i.,ns 
ol the miematvanal apobcaiion. 

5 Q A% only some ol lh*i rmutrml ad(lition.il search I.h«» timet, paid bv ti«e jntiitranl. !».•% tnt.*«tMt<an.ti ......i, i, i,.|„i„ co..-,^ onw 

l!*0'.e cMuns ol tlic mteinational jp|il*c.ition lor winch l«*eS m-ie it.iiil, Miin.tiK:ailr ii.i««'.: 
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Telephone practice 



i n it^iuaed aitiitt*onat %e.ttch fr^ itttiHv patd Iw li»e jfit«i*« ml c:orf.«t|uctttl*. n is »«it-»«,uwi-,^i 

itt«**niion I.!',! iitoniMMttHl m tl«e ( l.uitis; it i> Cu»rt»nl l*v uui"i o»iim»«t%: 



• Q A*. .U M*.|frlMl^.** I M,«,H • *UtU% I IM-U <k.|lM««»l . t .Ml I l.|.|.>.l*.ll I. . !• I t I 



["} * ' l-l*! lM.tl.|l ll I. 

i ^ *• • I *• -a f «in :» M*u .1 !• •• ; • 



**«U«ln t tl *•••*« I* 



Iiilcin*tliun«il A|iut««..ilMiM 



III. DOCUMENTS CONSIDE i TO OE REUVANT {CONTINUED FROM THE SECC J SHEET) 


C>i««anr * 1 


Caotiofl ol Oocumenl. wiih indtcauon. Mhere Aooropnale, ol llt« rcievani pjssancs | Hcli*«.mi to CUim No 


X 


The Journal of NIH Iteseardi, voliine 1, issued Norenter - T>?cgmhpr 
1989, C. ftwper /'Snippets of insight cn anrlaixi in Alzheimer V 
pages 88-93, see aitire doonent. 


1-4, 12, 13 


X 


Ifature, vduiE 341, -joqw^ 12 Odtcter 1989, W. £• Van Nostrand et al. 
"prote^ DBxan-n, a potent antichynotrypsln, shows identity to 
.anylold TV-prntmn precuTsor^' pagp^ 546-5W, see oxtire doeuDent. 
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ATTACHMENT TO PCX TELEPHONE MEMORANDIM: 



PCT/US91/01971 



I. CHaiiiB 1*4,12*1 6 detecting aa|iIoijd precursar protein and mnnnrlnml cell line and antibody, 

II. aalms 5-11,17,8 diagpnsii^ a najrodegenerative ojiditlcn* 
in. daiiiB 19-24 nethod o£ inhihiting plaque deposition. 

IV. Claim 25 cell ling pnriiring Nerin 2 

V: dains 26-29 methcxi to inhibit factor XIa. 

VI. daiffl 30 preparatim of Nexin 2 £ar inventions of IV and V. 

Vn. ClaiiiB 31*32 nethod of ii*ri biting proteinase aitivity. 

VIII.Claiii5 33-34 diagnnFrfs of Alzfapimpr's autopsy. 



FCT Rules 13.1 and 13.2 do not provide for niiltiple distinct products and methods wLddn a single 
general inventive oonoept. 
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